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I, Robert Arthur Cabi^eton, a 
citizen, of the United States of America, 
of 9115, Hidge Boulevard, Brooklyn, in 
the county of Kings, State of ISTew York, 
5 United States of America, do hereby de- 
clare the nature of this invention and in 
what manner the same is to be performed, 
to he particularly described and ascer- 
tained in and by the following state- 

10 ment — 

This invention relates to improvements 
T n apparatus for continuously treating 
fluids at high temperatures under high 
pressures. . . 

15 More particularly this invention is con- 
cerned with the provision of an apparatus 
for continuously treating fluids by elec- 
trically heating the same to a selected 
reaction temperature within an available 
20 range up to 2500° F., and at a pressure 
\ within an available range up to 7500 
! pounds ner square inch, correlated to the 
said selected temperature to produce a 
desired reaction in the fluid. 
ok In connection with electric tube fur- 
naces for producing cyanides, it has been 
proposed to provide a construction involv- 
ing" an outer tube, an inner reaction tube 
through the walls of which electric eur- 
oa rent is conducted for generating the heat 
necessary for the reaction, the arrange- 
ment being such that one of the conduc- 
: tors for supplying an alternating current 
is connected to one end of the inner tube 
35 and the other conductor is connected to 
the corresponding end of the outer tube, 
whilst the other ends of the tubes are elec- 
trically connected so that the current is 
caused to pass through both tubes but in 
40 opposite directions with a view to 
eliminating phase displacement between 
voltage and" current. It has also been 
proposed to provide a double-walled reac- 
tion vessel for carrying out reactions 
i 45 under high pressure and temperatures 
comprising a reaction tube surrounded by 
an outer jacket, a part of the said tube 
being divided off and provided with cur- 
* ! rent conductors so that it operates as an 
50 electrical heating resistance and the 
joints between the heated and non- 
heated parts of the tube being utilised for 
• eqralisjgg tk? ,g as pressure between the 



reaction chamber and the jacket. 

The object of the invention is to pro- 55 
vide an improved form of apparatus for 
the treatment of gases and liquids in 
which the fluid may be quickly heated to 
a selected high reaction temperature 
under high pressure, and, if necessary, 60 
thereafter quickly cooled below said re- 
action temperature to terminate said re- 
action. m 

The invention consists in an apparatus 
for heating fluids to high temperature 65 
under .high pressures comprising a suit- 
ably insulated rigid tubular casing, one 
or more heater tubes having relatively 
thin walls of high electrical resistance 
metal arranged within the casing, suit- 7$ 
able electric and thermal insulation 
material substantially filling the space 
between the heater tube or tubes and the 
casing, means for causing the fluid to he 
heated to flow at a rapid rate through the 75 
heater tube or tubes and means for sup- 
plying an electric heating current to the 
heater tube or tubes and casing so that 
the current flows in opposite directions 
through the heater tube or tubes and the 80 
casing. 

The invention also consists in an appa- 
ratus for heating fluids to high tempera- 
tures under high pressures comprising a 
rigid tubular casing, a heater tube hav- gg^ 
ing a relatively thin wall of high electri- 
cal resistance metal arranged centrally 
within the casing, a plurality of blocks 
of electric and thermal insulating 
material arranged loosely within the 00 
annular space between the heater tube 
and the casing, means for equalising the 
pressure on the inner and outeT surfaces 
of the heater tube, means for causing the 
fluid to be heated to flow at a rapid rate C£ 
through the neater tube and means for 
supplying an electric heating current to 
the heater tube so as to heat the same to a 
temperature sufficiently high to raise the 
fluid flowing therethrough to a selected ICO 
reaction temperature. 

As "will be apparent from the^ detailed 
description given hereinafter the invention 
provides an improved form of apparatus 
in which a relatively high rate of heat wc 
input may be utilised and the fluid caused 
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to pass through the h ating means at a 
rapid rate of flow, . thus exposing the 
fluid to the action of the heated surface 
for the minimum period of time, and in 
8 which a proper correlatipn may he main- 
tained between the selected reaction tem- 
perature to which the fluid is subjected 
and the pressure under which it; is caused 
rapidly to flow, so as to maintain substan- 

10 tially constant the conditions under which 
the 5 said" 'reaction takes place. - ■ 

The embodiments of the invention, as 
illustrated in the accompanying drawings, 
are particularly adapted to the treat- 

15 naent of gases and vapours at high tem- 
perature and: pressure, such as the inten- 
sive cracking of- oil; the treatment, dis- 
tillation and. evaporation ' of fluids requir- 
ing intense heat j and many other useful 

20 applications -in industrial and manufac- 
turing processes. 

In the accompanying drawings r — 
figure 1 shows a sunplifled " f orm of 
apparatus which is illustrated mainly in 

25 horizontal section, with means for elec- 
trically heating the fluid, and the mech- 
anism for supplying ' f heaiiiig currenti 
graphically illustrated . 

- Fig. 2 is a verticals sectional view on 
o 0 line 2— £ of Fig: 11 * . V 

Pig. B is a vertical sectional view on 
Kni 3— #6f Fig. 1- : ■ . : , 

Fig. .4 is a plan view of the flunL heat- 
ing o.p^w^cti^iAoiyiag a plurality of 
35 heating-- units, of the* type il Jusfrated\ in 
Fig! li ' ' 

Fig. 5 is a vertical sectional view of a 
moditied iorm of fluid heating apparatus. 

Fig. 6 is an end view of the constrnc-, 
40 tion illustrated in Fig, 5, the end plates of 
the casing being removed. . . ; .... 

- Fig. 7 is a vertical sectional view on 
line 9 — 9 of Fig. 5. . , \ , ^ 

Fig. 8 is a diagrammatic plan view of 

45 apparatus arranged for ihe : treatment of 
gases and vapors under a hig:h degree of 
heat and pressure. . / 

Fig; 9 is a diagrammatic plan view of 
a fluid heating , apparatus , of the type 

50 illustrated in Fig. 1, arranged for crack- 
in*? hydrocarbon oils. 

In the simple construction illustrated 
in Fig. 1 a rigid tubular metallic casing 
20, haying a relatively thick wall, is snp- 

55 ported upon suitable piers 21, and covered 
with teat insulating material 22. The 
main portion of the casing: 20 is provided 
at ' one end with an annular flange 23 
which may be formed integral with the 

go casing, or preferably welded to it,, and 
this flange is connected to the flange 24 
of an inlet pipe 251 The main portion of 
the casing 20 is provided at its opposite 
end with a similar flange 26 also formed 

65 integral with or welded to the main por- 



tion 20 of the casing. 

The easing, is provided with an exten- 
sion 27 having at its inner end a flange 
28 similar to the flange 26, and at its 
outer' end a flange 29 to which is con- 70 
nected a flange 30 of an outlet pipe 31. 
The flange" 28 is electrically insulated 
from the flange 26 by the interposition of 
suitable insulation 32, and' the bolts 33, 
which connect the flanges 26 and 28 to- 75 
gether, are 1 insulated from the flanges by 
sleeves and washers 34 of mica or other 
suitable electrical insulation. 

The conduit for the fluid thus formed 
is capable* of withstanding very high 80 
pressures and within it is housed means 
for. quickly heating 'the rapidly flowing 
fluid to higher temperatures under higher 
pressures than,, have .heretofore, been 
safely attained; %. 85 

- This means, as shown in the accom- 
panying .drawings, comprises a heater 
tube * 35 having a relatively thin wail of 
high electrical resistance metal ^ such as 
chrome nickel alloy or otter suitable gg 
. material, which extends longitudinally of 
the main 'portion of the casing, 20 aiid con- 
centrically with ' respect thereto, and is 
electrically and mechanically connected 
, at its /outlet end* by a metal disk or spider 95 
36 to the extension 27 of the casing. : At 
the. inlet end, the heater tube 35 is pre- 
ferably rigidly connected to a ring or 
plate 37 slidably mounted upon guides 38 
located; within the lower portion of the 100 
casing 20, to permit the relative move- 
ment between the heater tube and the,, --r 
casing caused by the greater expansion of 
the heater tube when subjected to high < 
temperatures. A spiral conductor 39 of 105 
suitable metal, is welded or otherwise con- 
nected to the ring 37 and to a ring 40 
which is, welded to the wall of the casing 
20, thereby providing a flexible, electrical 
connection between the inlet end of the 110 
heater tube 35 and the casing at ; the inlet : 
end. # .. ... 

Suitable electric and thermal insula- 
tion substantially fills, the space between 
the heater tube 35 and the casing 20. 115 
This insulating material preferably com- 
prises cylindrical sections 41 of fire- 
brick, lava, or other refractory electri- 
cal insulating material which fit rather 
loosely within the annular space between 120 
the heater v tube and the casing, thus serv- 
ing to support the heater tube and. also to 
insulate it^ f rom the casing 20. Aper- 
tures 42 tnrough the wall of the heater 
tube permit the fluid to flow into the 125 
space between the. heater tube and the cas- 
ing, thereby equalizing the pressure upon 
the outer and inner surfaces of the rela- 
tively thin wall of the heater tube, and 
preventing distortion or rupture of the 130 
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heater tube,. actor at a substantially constant predeter- 

As shown in Kg, 4, the fluid is forced mined reaction temperature, or such 
Jby a pump 43 of other suitable pressure other tempetraiufe.as may be necessary to 
producing means through a pipe 44 into effect the purposes above set forth. 
5 the inlet end of one of a plurality of It will be noted that the pressure upon 70 
heater tubes, arranged in series. The the fluid in the J heater tube is maintained 
fluid is. forced through the tubes by the in the reactor by means of the fact that 
pump at a rapid- rate under high pres- the loaded valve 48 is interposed between 
sure. It may. then be heated to a the delivery end of the reactor and the 
10 selected high reaction ^ temperature of.be- expansion chamber 46, so that the con- 5*s» 
tween 300° R and 2500° ^ by the electri- version or other reaction produced by 
cal heatef t tubes 35, and passed from the quickly heating the fluid to the selected 
heater tubes through the outlet pipe 3l. temperature is continued throughout the 
The] heater tube may be of any. desired period that the fluid remains in the reac- 
15 length, the diameter and length: of the tor, ; ■ ' * 80 

heater tube and the temperature to. which As illustrated in Pigs. 1 and 4, a threse- 
it is raised preferably being such that phase current is i; supplied through con-^ 
the fluid is raised to the reaction tem- doctors 53, 54 arid 55 to a switch^ 56, to 
perature within but a few seconds and conductors 57, 58 and 59, which lead to. 
20 then discharged into reactor 45 or expan- a suitable variable voltage device; such ' 85 
sibn chamber 46. ! " ! as ah auto-transformer or a voltage regp.4 

A thermostat 47, , which is subject to lator 60. As illustrated in Sigs. l and 4* . 
the temperature . of the fluid discharged .conductors 61 and 6£ "'far, the Cheating cur-- 
from the" heater tube, acts to control the ' "rent, lead/to the flanges . 26; f of the outer" •* 
25 current, supplied to the heate^ ; bihe /to heater tufes^ 1 while the conductor 6|J lks^da\ 90 
ma^iaih . the selected Tea;ction tempera- to ;the^fl 

tur£ of the fluid , substantially uniform, ; tube* The flanges 26 of all of the heater 
and a bapt* pressyxe; device, or preferably' tubes are connected together Iby conduct 
a loaded'lValve^ wj' 1 slaves-' ^'iaaa^ta^.^: - tors.64 w^c^'are "ferotuouiedw' V v 

3Q desjrei pressure; upqn^ ; By reason oi : the/ fact that &e. electric : 

flnii, which passes, through flows iii '6p|ioBite 1 ' directions.; 

tube:. < -., * through i^k heater, tubfe and -'the* easing; " 

Ih soine instances, as wbeij' treating? seU-influcfe neutral- 
certain types, of flnid; it : is desirable that ■'. ized. ^ r < ': . " £ : ' r ; ! ''''*" 

35 the, nuid.be immediately cooled , or dis^ The mechanisih! : of the voltage regula- 100- 
charged into the, expansion' chamber; tor 60 is cpntroJ|ed by the thermostat 47, 
while in other instances. or when treating - which is. subjected to the femperatuxe o|; 
other fluid it is desirable that the fluid thfe fluid - discharged* from the heater and 
shall be r maintained at a reaction tern- serves to regulate^flie current supplied tcx\ 

40 perature for a definite period of time to the . heater tube to produce the desired 105? 
further extend the cracking reaction; ;. rapid uniform heating of the fluid to the 

As illustrated in Fig. 4,. means are selected temperature.' * v v . r 
provided for accomplishing, both these. , In order to facilitate the reaction of 
purposes. A by-pass 49 passes the fluid the oil or other fluid, it is sometimes * ' 

45 directly from tfe heater to the back pres- necessary to introduce- tfree hydrogen 110* 
sure, valve 48 and the expansion chamber, and/ or a catalyst, into the fluid before, it 
and when the by-pass, is closed the fluid is is forced into the heater tubel Means for 
passed through the reactor 45. f Valves 51 conveniently accomplishing this is : pro^ 
and 52 in the pipes leading to ' and from vided by a pipe 66 leading to the inlet 

50 reactor control the flow of fluid there- pipe 67 of the pump 43. A tank 68 may 115. 
through! also be connected to the inlet pipe 67 to 

The reactor 45 preferably is in the form supply; additional or other reagents, 
of a cylindrical chamber having walls of, .'In order to, protect, the heater tube 
suflicient thickness and strength to 'with- from becoming overrated by cessation or 

55 stand the high pressure and temperature, diminution of the 4 flow of fluid through the i£Q : 
and - of a diameter sufficiently greater .heater tube, an automatic safety switch 
than the diameter of the heater tube to 69 is located in the inlet pipe. 25 and oper- 
reduce the rapidity of flow through the ates through a solenoid 70 to open the 
reactor, to cause the fluid to : remain in switch 56 upon cessation or dangerous re- 

60 ^ reactor a predetermined period of duction of flow of the fluid. 125, 
time necessary for the completion of the In the operation .of the device the fluid, 
desired reaction to take place. 1 , is forced through' the co&duit, including 

Suitable heating means (not shown) the heating section thereof, at a predeter- 
such as electric heating means niay he mined pressure, and the current supplied 
provided to maintain the fluid in the re- to the heating tube is automatically regu- i3t~ 
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lated to supply to the fluid sufficient heat 
to raise it quickly to the selected tempera- 
ture as it fl ws rapidly through the heater 
tube, and to maintain the same substan- 
5 tially at said selected temperature. 

The fluid heated to the desired tempera- 
ture may be directly discharged into the 
expansion chamber, as above described, 
or may be caused to flow -through the re- 

10 actor in which it will be maintained at a 
predetermined reaction temperature for 
such period of time as is necessary to 
produce the desired reaction which may 
vary from a fraction of a second to 

i5 several minutes or more, depending upon 
the type of fluid and results desired. It 
is then discharged into the expansion 
chamber in which its temperature is re- 
duced below the reaction temperature and 

20 the products collected and discharged 
through the outlet 72 of the expansion 
chamber to such usual cooling, condens- 
ing or fractioning apparatus as is well 
known in the art. The residuum or un- 

25 vaporized material which accumulates in 
the expansion chamber 46 may be drawn 
off through a suitably valved outlet pipe 
73. - ■ ' ■. ' 
Under certain conditions it is necessary 

30 to quickly cool the fluid discharged from 
the heater or reactor below the reaction 
temperature to terminate said v reaction 
and means are, as illustrated in Pig. 4, 
provided for accomplishing this purpose. 

35 A mixing device 74 comprises means 
to spray and mix a cooling fluid with the 
hot fluid discharged from expansion valve 
48, whereby the resulting mixture dis- 
charged to expansion chamber 46 is cooled ; 

40 below the reaction temperature. ^ The 
cooling fluid may be of any suitable 
nature* but preferably comprises the same 
fluid as that being .treated. 

It is obvious that under certain condi- 

45 tions it will be desirable to cool the hot 
treated fluid under pressure before pass-, 
ing through relief valve 48, and this may 
be TeadUy done by causing the heated 
fluid to flow through a mixing device be- 

3 q fore passing through relief valve 48, so 
that a suitable cooling fluid may be mixed 
therewith to reduce the temperature. 

If a cooling fluid is used that will not 
vaporize at the resultant temperature of 

55 the mixture, Hie cooling fluid may be re- 
covered from the base of expansion cham- 
ber 48 and cooled by means of suitable 
cooling or radiating 'means, and recircu- 
lated through mixing device 74. 

6Q In Eigs. 5, 6 and 7 a modified form of 
apparatus is illustrated, in which a plu- 
rality of tubular heating sections are con- 
tained in a single casing and are suitably 
electrically and heat insulated therefrom. 

65 In this construction a different circuit for 



supplying the heating current to the heat- 
ing tubes is also illustrated. 

This construction is designed to permit 
th heater tubes to be operated at any 
temperature up to 2500° IP. with safe pres- 70 
sure up to 7500 lbs. or more.. 

This construction comprises a rigid 
cylindrical casing having relativey thick 
walls of metal capable of withstanding 
hi^h pressures at elevated temperatures, 7S 
the casing comprising a main section 107 
having at one end a flange 108 to which 
is secured a head plate 109, and at the 
opposite end a flange 110* The casing 
also comprises an extension 111 having a 80 
flange 112 to which is secured a suitable 
head plate 113 and a flange 114 which lies 
in proximity to the flange 110 upon the 
main portion of the casing- • An electric 
insulating gasket 115, is clamped between 85 
the flanges 110 and 114 by suitable insu- 
lated bolts as above described. 

A plurality of heating, tubes 117 are 
connected in series by return conduits 118 
as shown in Figure 6, or may be provided 90 
as shown in Fig. 5 to permit the liquid to 
flow through the; tubes in series. The 
tubes are. rigidly, supported at one end 
by metal supporting plates 121 which are 
mechanically and electrically connected 95 
to the extension 111 and at the opposite 
end are supported upon a metallic plate 
122 which is slidably mounted upon 
guides within the main portion of the cas- 
ing 107, to permit relative movement of 100 
the heater tubes and casing required by 
the expansion of the , heater tubes when 
raised to high temperatures. The sup- 
porting plate 122 is electrically connected 
by conductor 123 to the casings ; m f05 

In this construction the liquid is sup- 
plied: through an inlet tube 124 at ^one : 
end of the casing, whence .it flows into 
the open end of the first of the series of 
heating tubes. The last of the series of HO 
heating tubes , discharges into, the cham- 
ber 125 at ,the opposite end of the easing 
and the heated liquid flows from the 
chamber 125 through the inlet 126 to the 
expansion chamber as heretofore de- jL15 
scribed. . m 

Insulation 129 comprising moulded fire 
brick, lava or other material having suit- 
able thermal and electric insulating char- , 
acteristics substantially nils ' the annular 120 
space between heater tubes 117 and casing - 
107 t and serves to support heater tubes 
117 and to heat insulate the wall of eas- , 
ing 107 from the effect of the heat radi- 
ated from the surfaces of said heater J25 
tube. * 

The electric heating current is supplied 
to the flange 110 of the casing and the 
flange 114 of the extension thereof 
through conductors. 127 and 128. . *30 
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This type of heater can be c nstructed 
in a relatively long form, thus reducing 
its diameter for a. given capacity and 
greatly increasing the factoT of Bafety; 
5 also reducing the number of tubes and re- 
turn fittings required and the power re- 
quired for liquid circulation, and as there 
is no fire hazard or danger as when 
heating by direct fire, the apparatus can 
10 be installed in buildings, in underground 
vaults or in locations where it would be 
impossible or hazardous to install usual 
types _of heaters, 
if desired, a plurality of heaters of this 
15 type may be connected in series, thereby 
reducing the length of the casings and 
permitting one of the heating devices to 
be used to preheat the liquid supplied to 
the other^ the vapors being removed at 
20 each heating stage pi* section. - * ^ 
The apparatus may be provided with' 
means for automatically Controlling the 
supply of electric current to the heating 
tubes, means for automatically regulat- 
25 ing the current; means for forcing oil 
under high pressure through the heating 
tubes; as well as an expansion chamber 
and a reactor as desired. ■ 
.'Fig. 8 illustrates an arrangement of 
30 apparatus as employed in the treatment of ' 
gas and ; vapors, ' such as the waste gas 
from oil cracking stills; natural gas from 
oil wells and gases or vapors resulting 
from numerous manufacturing and ,in- 
35 dustrial process operationsv but its use will 
be described with particular reference to 
the cracking and polymerizing of the so^ 
called incondensable gases from oil crack- 
ing and refining operations; 
40 In the production of gasoline by the 
cracking or pyrpgenic conversion of ^bighj 
boiling point hydrocarbons to those which 
have the desired low boiling characteris- 
tics, there results from the reaction, in' 
45 addition to considerable carbon, a rela- 
tively large quantity of fixed or unconden- 
sable gas consisting principally of 
methane and aromatic hydrocarbons 
which under present conditions have little 
5Q ox no value and are usually disposed of 
by burning under the stills or boilers of 
the plant as fuel. ■ '= ■ i , 

When these gases are exposed to^a 
high degree of heat they crack or poly- 
55 merize, the molecular change forming 
compounds that may be recovered in a 
liquid form and that may be used for 
many useful- industrial and manufactur- 
ing purposes. - ! 
60 -f T°l"nnie of the gas so produced is 
considerable, particularly in the produc- 
tion of gasoline by the cracking of hydro- 
carbons in the vapor phase, which reac- 
tion usually results in high fixed gas loss, 
65 which may be equivalent to 30% or more 



of the volume -of oil treated, representing 
a tremendous loss but one of which a sub- 
stantial part may be recovered by suit- 
able apparatus and method. 

■TijLe preferred , method of treating^ such 70 
gas is by subjecting it to a cracking or re- 
action temperature of 1400 to 2000 de- 
grees Fahrenheit under a pressure of 300 
to 600 lbs; or more per square inch, the 
temperature and pressure depending upon .75 
the constituents of the gas and the end 
products desired. . When treating such 
gases at the above temperature the mole- 
cular change or reaction proceeds at a 
very high volcity and to obtain the maxi- 80 
mum yield and quality it is essential that 
the temperature to which they are exposed 
be uniform and very closely regulated, 
and that' the pressure be closely correlated 
to the optimum temperature and time, [of 85 
exposure o£ the gas to the heat reaction. 

Heretofore, such operations have been 
performed in tubes of heat resisting metal 
placed in a brick setting and heated by 
oil or gas fire; and the gas or vapor heated qq 
by being circulated therethrough, but the 
maximum temperature that such tubes 
can be operated at, due to the metal 
oxidizing and scaling; is 1500? to 1650? 
J?., under which conditions the life of the 95 
tube is relatively shorty and due to the 
weakening effect of the heat to which the 
metal of the tube *is exposed, the pressure 
at which the gas is passed through the 
tube must not greatly, exceed that of atzno- 100 
sphere. 

By compressing the- gas and treating it 
under pressure [the reaction will proceed 
in a more definite and orderly manner 
and the. extent of the polymerizing rear- i05 
tion can be more : readily controlled, 
greatly increasing the yield and quality > 
of 'the desired end products- 
- Compressing ithe gas and ; treating it 
under high pressure in the . apparatus no 
which I; am about to describe, permits the - 
employment of smaller and less expen- '.- 
sive equipment to treat the same quantity 
of gas and; due to better heat transfer con- 
ditions reduces the / amount of heat re- a& 
quired for the reaction. 

The apparatus illustrated in Kg. 8 is 
particularly adanted to such purpose and 
comprises an electric fluid heater 131 of 
the type illustrated in Fig. 1 of the draw- ±20 
ings. : ; 

As in the embodiment shown in Pig. 1, 
openings are provided through the walls 
of the heater tube to permit a portion of 
the gas to pass into the space between the $25 
heating tube and the casing by means of 
which the pressure imposed upon the 
walls of the heating tube is substantially 
neutralized, thereby eliminating any pos- 
sibility of damage or distortion of the 13Q 
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heater tube by reason of the pressur of 
.the gas flowing therethrough. 

Insulating material of a relatively 
porous type fills the annular, space be- 
5 tween the heating tube and outer -metallic 
casing; serving- to support the Keatef .tube 
and to heat insulate the wall of the outer 
casing from the effect of the highly heated 
conduit! 

The .construction described permits the 
heating tube to be operated .at a high de- 
gree of heat, for instance at 2200° F., and 
hy reason of the heat insulating material 
interposed between it and the outer cas- 
ing, the outer casing will be heated to 
but approximately 200° above that of tie 

surrounding air, thereby making it pos- ana neatea Dy means of oil or gas lire, the 
sible to economically construct the outer oil being circulated through the tubes 
casing of common construction materials under .pressure varying between 250 to 
gO to resist any desired internal pressure. t 950 lbs, per square inch; arid discharged 
Pyrometer 132 is provided, subjected v at temperatures varying between 750° to 
Uo the temperature of the wall of heating 925° F., the pressure and temperature 
tube,, and acts by means of magnetic ; depending upon tie process used, the type 
switch .133 to disconnect the electric heat- of oil, and the results desired. The hot 
25 mg current in the event the flow of Igas " ' " 
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monly a sad for the purpose 

Fig. y illustrate an arrangement of 
apparatus for cracking or conversion of 
*high hoping point hydrocarbon oils to 
low boiling point hydrocarbons. 

In the continuous cracking or pyro- 
genic treatment of hydrocarbon oils for 
the conversion of high boiHng point com- 
pounds to those having low boiling point 
characteristics the oil is circulated 
through fire tube stills and heated to a 
desired reaction temperature under suffi- 
cient pressure to maintain the oil substan- 
tially in the Uquid phase. 

'The stills usually comprise a plurality 
of steel , tubes motinted in a brick setting 
and Jteated by means of oil or gas fire, the 
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should. $ease or diminish to a degree that 
may cause overheating of the heating 
tube. / v ■ ; J 

Pyrometer -134 is providea .subjected to 
,30 ^he temperature of the gas discharged 
- f rom outlet 135 of the heater tube, and 
acts to so regulate the heating current 
supplied the heater tube that the tempera- 
ture of the gas discharged therefrom will 
35 be maintained at a substantially deter- 
minate degree of heat, i 
^ The gas to be ^treated is forced by 
means of puinp^ 13(T at a^ pressure corre- 
lated to 'the desired reaction temperature 
M> ^o^gh heat exchanger 137, where it is 
subjected to the heat of the hot gas dis- 
charged from the, outlet 136 of the heater 
tube, thereby becoming heated and cool- 
ing the cracked gas. The preheated gas 
"45 *^ en passes by means of a pipe tp' the m-r 
let 138 of the heater tube, passing therer 
through and being heated to ;the desired 
reaction temperature, and flows by means 
of outlet 135 through conduit 139 to inlet 
50 140 of the heat exchanger or cooler 137, 
passing therethroueh and bfvmo* cooled 



by heat exchange with the fresh incom 
* n g gas flowing coiintercurrent thereto. 
^ Under , certain conditions it may be de- 
55 sirable to reduce the pressure of the gas 
immediately after passing . from \ the 
heater, in which event the pressure re- 
leasing valve would be placed between 
the heater -outlet and the inlet to the heat 
exchanger or cooler. ; 

The cooled gas is discharged from heat 
exchanger 137 by means of outlet 141 
through pressure releasing valve 142, 
passing to the usual x>il scrubbing t wer, 
•65- condensing and -recovery .system as is com- 
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oil and vapors are then discharged from 
the tube still to a reactor and maintained 
for a definite period of timie . for the re- 
quired reaction or conversion of the oil 
to take place. ; . . . " . 

In such, construction the temperature 
to which the oil can be heated ,and the 
pressure under which . i% can . be safely 
maintained, is limited by the strength of 
the steel tubes at elevated temperatures, 
temperatures of 850° 1?. at 1000 lbs. period 
square, inch being considered the maxi- 
mum/safe limits at which such apparatus 
may be operated, as even when operating 
under conditions of lower temperature 
and pressure, failure of the tubes fre- ^5 
quenQy occurs by reason of oxidation or < ; , 
«oale forming on ; the outer surface with ' 
the consequent reduction, in area, or car- 
bon forming on the inner, surf ace of the 
tubes insulating the metal from the cooler Hp 
oil, and as the tubes are exposed to the 
intense heat of the, furnace, the tube walls 
become overheated and reduced in 
.strength until one or more of them yield 
/to the. pressure within the .still, thereby 1^5 
releasing into the fire a large, quantity of 
oil heated to a temperature greatly ajbove 
its, boiling point, resulting in explosion 
and fire, causing loss of property and fre- 
quently loss of life- . £20 

In usual constructions the . oil after 
.being heated is maintained at the desired 
temperature for a considerable period of 
time, requiring, in some methods several 
minutes, in others a half hour or more, to j^>5 
permit the completion of the cracking re- 
action, the greater the temperature under 
which, the oil is treated, the less time be- 
ing required, for the required reaction.' 

In such process, it is desirable to proy i30 
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duce the maximum yield of low "boiling temperature * depending upon the type or 

point compounds having the rasnriTyni'm Mnd o£ oil and the results desired, 
anti-knock value and lie minimum Thermostatic device 149, subjected to 

amount of fixed gas and c mpounds that the influence of the temp ratur of the 

5 may require removal in subsequent refin- oil discharged from heater outlet 148 is 70 

ing operations, or that may form gum provided,' operating by means of mag- 

and other undesirable compounds when netic switch 150 to control the electric 

used, or in storage. heating current supplied to the heater 

At the higher temperatures the pyro- 145, thereby maintaining the oil dis- , 

10 genie or cracking reaction is more exten- charged from heater outlet 148 at a pre- 75 

sive and rapid, the speed of reaction or determined temperature.^ 
moleeular change being approximately Automatic device 151 is provided, oper- 

doubled for each 18 degrees Fahrenheit able by the flow of ..Aral through heater 

increase in temperature and the propor- 145, tS complete the control circuit of 

15 tion of the oil converted from high to low magnetic switch 150, thereby preventing 80 
boiling point hydrocarbons and gasoline, the supply of electric heating current to . . 
aromatics and unsaturated compounds heater 145 at all J times except when the , 
having high anti-Tcnbck properties is oil is flowing -therethrough; thus prevent- 
greatly increased, and also that when ihg the overheating or injury to the heat- 

20 treating the oil at high temperatures it is ing^ elements of the heater. * ^ .85 

desirable to subject it to a pressure suM- Due.to : the relatively .short length of 

ciently high to maintain the! low boiling the heating tubes and the high rate of 

point compounds in solution, thereby re- velocity of flow, only a relatively short 

ducing the possibility of . recrackihg the period of 1^e is required for the oil to 

05 more sensitive vapora with the resultant piss through the heater which, by reason 90 

formation of carbon; fixed gases and other of the high. rate. of heat input, is quickly " 

undesired decomposition products. * raised to ike desired reaction temperature. 

As ah illustration of -the imprbyenient \ treating certain types of oils in . 

in yield and quality by treating ihe oil which the reaction due fo ; the pres 

30 under the;hi£her pressures and tempera- i^mnerature to which lie; oil is subjected, ife 

^tures, 1he following example is cited : ' is very Tapid, it is desirable thaV^ '■' 

A 44 A.P.I'; gravity Pennsylvania gas be immediately cooled below -the reaction 

oil is treated in a well known commercial ^temperature to teriiDdnate : the said r eac- , 

oil cxackmg. process At 850° TP. and 750 *tion. 1 f : - " 

35 lbs. per- square inch pressure with *a Te- As illustrated in Kg.' 9, metos are pro-viOO 

action peiiod of 22 minutes, producing ;on vided for accomplishing this purpose. - 

a once-through basis, 15% of 420° end Tke oil passes directly from .heater tttbe 

point gasoline having an anti-knoci rat- ' outlet 148 through pressure releasing 

ing of 27 octane^ fixed gas 12%, and tar valve 152; and by reason of the reduction 

'40 6-5% - • °* pressure^ ^ substantially aH 'of t3ie heated 105, 

The same' charging stock treated at a , oil is immediately converted into vapor, ' 

temperature of 1075? F. at 1300 lbs. r per ' a ; part of the sensible r teat in the liquid 

square inch pressure and a reaction period being fcftsorbed, by lie- latent heat re- 

of 1.3 minutes, produced on a. once- quired 1 to vaporize, the oil, thereby, sub- 

•45 through basis, 55% of 405 o:; end ' point stantiaily reducing the temperature of the 110 

gasoline having ah anti-knock rating of liquid and , vapor mixture. J 

77 octane/ fixed gas 14%^ ^nd tar 6.8%*. ' Fresh charging stock is \ forced by 

One of the objects of the invention is means of purrip 153 ^and pijje 154 through 

to provide ! a simple : and convenient mixing device 155 and intimately mixed 

kq method and apparatus whereby the 5 oil in the form of a spray with the vapors ij.5 
may be safely and economically treated discharged from pressure reducing valve 
under conditions ' of greater pressure and 152, Cooling the cracked vapors and J it- 
temperature than has . heretofore been self being heated and substantially vapor- 
practical, and such an apparatus is iHus- ised, passing with the vapors discharged 
trated in Fig, 9 of the drawings. from the pressure reducing valve to ex- 120 

An electric fluid heater 145 of the type pansioh chamber 156/ in which by means 

illustrated in Fig- 5 of the drawing is of the reduction in temperature of the 

provided. '■ The oil is caused to flow by vapors, the asphaltic and other undesired 

means of hot oil charging pump 146 to high boiling-point compounds condense 

fi0 inlet 147 of the heater, under a pressure and collect in the bottom of expansion 125 
of 1000' to 1600 lbs. or more per square chamber 156 where they may be con- 
inch, passing therethrough at high velo- tinuously removed by means of outlet 
city and being discharged from outlet 157. 

148 at the desired reaction temperature The oil vapors pass front expansion 

65 between 950° and 1200°, the pressure and chamber 156 by means f pipe 158 to 130 
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bubble or fractionating tower 159, where means of which electric heating current 
the cooling or quenching oil is condensed is caused to flow from the soure of elec- 
with such of the original charging stock trie power 170 through magnetic switch 
as may not be sufficiently reacted upon 171, passing through the metal walls of 
5 or cracked, and are collected in the base the conduits 162 comprising the reactor 70 
of the fractionating tower and removed by and causing heat to be generated therein, 
means of outlet 160 and charged through A thermostatic device 172 is provided, 
the electric heating and reaction mech- subjected to the temperature of the oil 
an ism by means of hot oil charging in the .reactor and operates to control 
10 pump 146. magnetic switch and the electric heating 75 

The remaining vapors having the de- current supplied reactor conduits, there- 
sired low boiling point and other charac- by acting to maintain the proper tempera- 
teristics, pass from the fractionating . ture of the oil within the reactor, 
tower 159 by means of pipe 161 to such It is obvious that if the pressure and tem- 
15 usual condensing and refining apparatus perature to which the walls of reactor con- 80 
as is well known in the art. duits are subjected should be at too great a 

When treating certain types of oil or degree of heat to be readily withstood by 
those of a more refractory nature, it is the usual single wall construction, they 
desirable to maintain the oil at the may be readily constructed in the same 
20 selected temperature and pressure for a manner as illustrated in Figure 1; using 35 
determinate degree of time, said element a relatively light weight inner tube, heat 
of time varying with the; kind and type insulated from * the cooler outer pressure 
of ail and the results desired, and this resisting wall. : 
may be done by the use of a reactor. ; The advantages, claimed for the method 
25 The reactor comprises a plurality of and apparatus described, are that, by . qq 
conduits 162, each provided with valves reason of the higher temperatures and 
163 and connected into heaters or mani- pressures employed, and the greater reac- 
folds 164^165> the : total area and length tion or molecular change in the hydro- 
of conduits 162 being such that the time carbon produced -thereby,- the yield of 
-30 required for the oil to flow therethrough gasoline and other desired low boiling 95 
will enable the required reaction in the point products and the anti-knock rating 
oil to take place. If less time is' re- of the product is greatly increased, the 
quired, one or more valves 163 may be proportion of fixed gas, tar and other low 
closed, thereby reducing the effective area value/ products is reduced and by 
35 provided by conduits and causing the* oil reason of the greater ± yield per passage 100 
to flow at".' a faster rate and in a shorter through the apparatus and the reduction 
period of time. ; in the quantity of oil that must be re- : 

The lower reactor manifold 165 is of cycled through the apparatus for further 
sufficient size to act as a carbon receiver treatment, the capacity or oitput of a 
40 and in which any carbon formed in the given size cracking unit is substantially 105 
cracking or conversion of the oil, will (by increased. 

reason of the relatively slow speed of flow While, for simplicity in describing the 
of the oil passing through the reactor, method and apparatus, means for elec- 
settle out and collect, and from which itp ~ trically heating the oil is shown only, in 

45 ma y be removed by; means of - clean-outs commercial practice, due to the relatively 110 
166.- ^ ' '/ high, cost of electric heat, use would be 

The* oil passes from reactor outlet 167 made of gas or oil fired heating means to 
through pressure reducing valve 152, and ; preheat the oil to the maximum degree 
then proceeds in the same manner by way possible in such apparatus, before passing 

50 of cooling or quenching device 155, ex- to the r electric fluid heater: Likewise, 115 
pansion chamber 156 and fractionating the oil charged would preferably be % 
tower 159, as before described. ■ passed through the usual heating 4 ex- 

It is desirable to maintain the oil at a changing and heat recovery apparatus to 
determinate degree of heat during - the 6ave an d conserve such heat as may be 

55 reaction period and to supply heat to possible, and in such manner as is Veil 120 
compensate for that lost through radia- known in the art. 

tion from the sides of reactor conduits 162 While the invention has been described • 
and also for that absorbed due to the particularly with reference to the treat- 
cracking reaction or molecular change in ment of gases and liquids, it is obvious 

60 . . that its use may be extended to other - 

Means are provided for this purpose, fields in which it is desired to subject 
comprising lugs or terminals 168 welded materials which may be solids, which may j 
or otherwise forming lectrical connec- be caused to flow in a finely divided state, ; 
tions to the reactor conduits by which by mixing them with a suitable liquid or < 

€5 electric conductors 169 are connected, by gaseous vehicle. 130 <• 
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It will be obvious that many other em- 
bodiments of the invention may^ be made 
by those skilled in the art and it will be 
therefore understood that the particular 

*> devices and arrangements shown, and de- 
scribed herein are of an illustrative char- 
acter and are not restrictive and that 
various changes in form, construction and 
arrangement of parts may he made within 

10 the spirit and scope of the following 
claims. 

Having now particularly described 
and ascertained the nature of ; my said 
invention and in what manner , the same 
15 is to be performed, I declare that what I 
claim is := — • •• H . ; 

1. Apparatus for heating fluids; to high 
temperatures under high pressures" com- 
prising a suitably insulated rigid tubu- 

20 * ar casing, one or more (heater tubes hav- 
ing relatively thin walls of high/ electrical -< 
resistance metal arranged within the eas- 
ing, suitable electric and thermal insula- 
tion material substantially filling the 
^ space between ; ihe heater tube or tubes 
and the casing, means! for causing the fluid: 
to be heated; to flow u at - a, rapid rate 
through the heater tube or tubes and 
means for supplying an electric heating 
current to the heater tube or - tabes and 
casing so that the currents flows in oppo- 
site directions through the heater ..tube or 
tubes and the casing. : r ■ 

2. Apparatus for heating fluids to iigh 
35 temperatures under high pressures com-, 

prising a rigid tubular casing, a heater 
tube having a relatively 1 ihih wall of high 
electrical resistance metal arranged cen- 
trally within the casing, a plurality .of 

» 0 blocks of electric and thermal insulating 
material arranged loosely within -the 
annular space between the heater tube 
and the casing, means for; equalising the 
pressure ■ on the inner and outer : surfaces 

£5 of the heater tube/ means for causing the 
fluid - to be heated to flow at a rapid rate 
through the heater tube and means for 
supplying an electric heating current to 
the heater tube so as to heat same to a 

£ 0 temperature sufficiently high to raise the 
fluid flowing therethrough to a selected 
reaction temperature. 

3. Apparatus as claimed in claim 1 or 
2 in which the heater tube is formed with 

S5 openings for equalising the fluid pressure; 
upon the inner and outer surfaces there- 
of. , , 
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4. Apparatus as claimed in any of the 
preceding, claims^ provided with thermo- 
static means subjected to the temperature 60 
of the ilu|d ^ discharge<|~ from -the heater 
tube and Operable to control the electric 
heating, current supplied. 

5. ; Apparatus as claimed in any of the 
preceding claims provided with means "5 
automatically operable by the flow of fluid 
through the heater tube to cause^ the elec- 
tric heating current to be. supplied, there- 
to and to prevent the supply o| electric 

- current upon substantial cessation of said 70 
flow. 

6. Apparatus as claimed in any of the 
preceding claims in wjrich |3ie outlet end , 
of the heater tube communicates with an 
expansion, chamber and means is provided 75 
f or collecting the products of the reaction. 

7. Apparatus as claimed; i& any of the : 
pre ceding , claims provided with a xeactor 
communicating .with the discharge end of 

-the heater tube and having a crossrsecr %® 
: tional area; sufficiently greater than that 
1 of the heater tube to reduce the rate of ■ 
-.j flow through the reactor to cause the fluid 
to remain in the ; reactor a ^predetermined 
period of; Ttrme* necessary ffpr the comple- 
tion of . the desired reaction.. : ; ! i . ; 

8. Apparatus as .claimed in claim, in 
which? the reaptor. is u provided = with an : 
electrical heating means for maintaining 
same at, a selfected temperature. : • 90 

9. Apparatus* as claimed in any of the 
preceding claims . provided with - means 
for automatically maintaining . a substan-. 

: tially constant pressure within the Jheater 
tube: or fcabfcs; V ; - v 95 

10. Apparatus as claimed in any of the 
preceding claims provided with means for : ■;. 

. introducing additional re-agents, for ex-, 
ample, free hydrogen and /or a catalyst, 
into the fluid before it enters rthe ; heater d00 

vtube* .• • ' i • • . r "■'-■!■ 

11. Apparatus f ox \ heating fluids to 
high temperatures under high pressures 
substantially as hereinbefore .described 

' with 'reference nto the accompanying draw- 195 
ings. ' • v i , • - • 



Dated this 12th day of January, 1932. 

Alikim W. PAREITT, 
t < : , Chartered Patent Agent, : ; r. 
Stafford House, Norfolk Street, Strand, 
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